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1.0 Introduction

State of Alaska Regulations at 18 AAC 75, Article 3, for Oil and Other Hazardous Substances
Pollution Control, govern the cleanup of sites contaminated with oil or other hazardous substances.
Sections of this regulation address the selection or development of cleanup levels for contaminated
soil and groundwater that are considered protective of human health, safety, and welfare, and the
environment. Cleanup levels at a site may be determined by one or more of four methods.

Method one cleanup levels listed in 18 AAC 75.341(a) and (b) apply only to soil contaminated with
petroleum hydrocarbons and are not considered risk-based. Method two cleanup levels for
approximately 180 chemicals are listed in 18 AAC 75.341(c) and for petroleum hydrocarbons in 18
AAC 75.341(d). These levels are generally risk-based, incorporating toxicity and chemical specific
information, assessing multiple routes of exposure in climate settings that reflect the variability
found across the state, and the potential for a given chemical to migrate from soil to groundwater.
However, if the risk-based cleanup level exceeds the soil saturation or water solubility limit, the
cleanup level is set at that limit in compliance with 18 AAC 75.325(f), which requires free product
recovery. Though still somewhat generic, the method two levels are considered protective of
human exposure for most sites. Determining cleanup levels under method three allows for
modification of the default soil cleanup levels to account for site-specific soil and aquifer data or to
propose a commercial/industrial exposure scenatio. Method four cleanup levels are developed
under a risk assessment conducted in accordance with the department's Risk Assessment Procedures
Manual (ADEC, 2015).

This document presents the equations used to calculate the default, method two soil cleanup criteria
listed in Tables B1 and B2 in 18 AAC 75.341(c) and (d) and groundwater criteria listed in Table C in
18 AAC 75.345(b)(1). The equations presented in Sections 2.0 through 5.0 for individual organic
and inorganic chemicals are based on those developed for the Regional Screening Levels (RSLs) by
the Oak Ridge National Laboratory under contract to the United States Environmental Protection
Agency (EPA), but adapted for Alaska to account for soil and climate variability, and a default
cancer tisk of 1:100,000.

The equations presented in Section 6.0 for the petroleum fractions are unchanged from the 2008
version of this document. These equations were developed using the 1996 EPA Soil Screening
Guidance (U.S. EPA 1996a) and information generated by the Total Petroleum Hydrocarbon
Criteria Working Group (TPHCWG, 1997).

Equations are provided for the residential land use scenario only; commercial/industrial land use
scenarios must be proposed under a method three (18 AAC 75.340(¢)). Procedures for calculating
site-specific soil cleanup levels for both Table B1 chemicals and Table B2 petroleum fractions under
method three are detailed in Section 7.0.

The standardized default exposure and soil parameters developed by EPA have been used except
where noted (See Table 8 for the Standard Default Parameters, found in Appendix B). These
exposure parameters are designed to be protective for reasonable maximum exposure (RME)
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conditions for long-term/chronic exposutes, (U.S. EPA. 1991a; U.S. EPA. 1996a; U.S. EPA. 2002).
Chronic oral reference doses (RfD) and chronic inhalation reference concentrations (RfC) are used
to calculate non-carcinogenic concentrations. Chronic oral slope factors (CSF,) are used to evaluate
potential human carcinogenic risks. A lifetime cancer tisk factor of 1 X 107 is used, along with a
target hazard quotient (THQ) of 1, reported to one significant figure, for noncarcinogens.

For Table B1 and C compounds — equations are presented for non-carcinogenic compounds,
carcinogenic compounds, and mutagenic compounds for soil and for groundwater. In addition, for
vinyl chloride and trichloroethylene (T'CE) in soil and groundwater, a unique set of equations are
provided that adjust for early-life cancer risk estimates to derive the cleanup levels.

The groundwater cleanup calculations (Section 2.0) are broken down into equations for ingestion of
groundwater, dermal contact with groundwater, and inhalation of volatiles from groundwater. The
soil exposure pathway calculations (Section 3.0) are broken down into equations for dermal contact
with soil, soil ingestion, and inhalation of volatiles and inhalation of soil particulates using a
particulate emission factor (PEF) equation (See Section 5.0, supporting equations). Compounds
considered volatile for including the inhalation pathway, are those chemicals with a Henry's Law
constant greater than or equal to 1 x 10” atm-m’/mole' or a vapor pressure greater than or equal to
1 mm Hg.

For the ingestion route, equations use an age-adjusted approach to account for the variation in soil
ingestion rates for children depending on age. A number of studies have shown that inadvertent
ingestion of soil is common among children six years old and younger (Calabrese et al. 1989, Davis
et al. 1990, Van Wijnen et al. 1990). Therefore, the dose method uses an age-adjusted soil ingestion
factor that takes into account the difference in daily soil ingestion rates, body weights, and exposure
duration for children from 1 to 6 years old and others from 7 to 30 years old. This health-protective
approach is chosen to take into account the higher daily rates of soil ingestion in children as well as
the longer duration of exposure that is anticipated for a long-term resident. For more on this
method, see RAGS Part B (U.S. EPA. 1991a).

The Table B1 method two residential soil cleanup level for the human health pathway provides a
single cleanup value that does not exceed a cumulative cancer risk value of 1 X 107 or 2 THQ of 1
reported to one significant figure for noncarcinogens for all three soil exposure pathways.
Likewise, the Table C groundwater cleanup value is generated by a cumulative risk calculation.

The migration to groundwater criteria for the Table B1 compounds are derived using a soil-water
partitioning equation (Section 4.0). This equation back-calculates from the calculated risk-based
groundwater cleanup level. A single set of migration to groundwater criteria apply statewide for
Table B1, and are based on conservative assumptions about fate and transport mechanisms in the
subsurface, accounting for both (1) release of a contaminant in soil leachate and (2) transport of the
contaminant through the underlying soil and aquifer to a receptor well (U.S. EPA. 2012).

!'The atm-m3/mole units ate obtained by multiplying the unitless value by 0.02446 (which comes from multiplying the
gas constant (0.0000802 atm-m3/mole-K) by the temperature (298.16 K).
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Section 5.0 presents several key equations and factors that support calculations in the proceeding
sections, including the approach taken for the dermal absorption route, and derivation of the
particulate emission factor, volatilization factor, and other equations.

Equations for the petroleum fraction cleanup values in Table B2 (soil) and Table C (groundwater)
are presented in Section 6.0 and, as mentioned above, remain unchanged from the 2008 version of
this document. Table B2 petroleum cleanup levels for migration to groundwater are climate-
specific, with values established for areas of the state receiving greater than or less than 40 inches of
annual precipitation. For all sites with petroleum contamination, the migration to groundwater
pathway applies unless the responsible person documents that the pathway is inapplicable, such as in
the Arctic zone. Table 1 provides the chemical-specific parameters for the petroleum fractions and
Table 2 provides the percentage calculations for combining the aliphatic and aromatic fractions in
each range.

Section 7.0 provides procedures for calculating site-specific, method three cleanup levels for the
contaminants in both Tables B1 and B2. This includes both the migration-to-groundwater pathway
for residential land use scenatios, and also for the commercial/industrial exposure pathways.

Tables 3 through 5 list the parameters that can be modified with site-specific data for both Table B1
and B2 compounds.

Table 6 and Table 7 in Appendix A provides the toxicity and chemical-specific parameters for the
organic and inorganic chemicals in Table B1 and C. These values are selected from several different
references, using the following hierarchy:

e Toxicity
o EPA’s Integrated Risk Information System (IRIS)
o Professional Peer-Reviewed Toxicity Value (PPRTV)
o Other toxicity values
= Agency for Toxic Substances and Disease Registry (ATSDR) Minimal Risk
Level (MRLs)
= (alifornia Environmental Protection Agency (Cal EPA) criteria
= Other sources
¢ Organic Carbon Partition Coefficient (Koc) (L/kg)
o Estimation Programs Interface (EPI) Suite estimated values
o EPA Soil Screening Level (SSL) Exhibit C-1
o Yaws' Handbook of Thermodynamic and Physical Properties of Chemical
Compounds. Knovel, 2003 estimated values
o EPI Suite experimental values
o Yaws' Handbook of Thermodynamic and Physical Properties of Chemical
Compounds. Knovel, 2003 experimental values
e Dermal Permeability Coefficient (Kp) (cm/hour)
o EPI Suite estimated values
o RAGS Part E.
e Effective Predictive Domain (EPD)
o Calculated based on RAGS Part E criteria for MW and log Kow.

e Fraction Absorbed (FA)
o RAGS Part E Exhibit B-3; Calculated.
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e Molecular Weight (MW) (g/mole)

o Syracuse Research Corporation (SRC). 2005. PHYSPROP Database. SRC. Syracuse,
NY. Accessed July 2005.
EPI Suite
CRC Handbook of Chemistry and Physics
Perry's Chemical Engineers' Handbook (Various Editions).McGraw-Hill
Lange's Handbook of Chemistry (Various Editions)
Yaws' Handbook of Thermodynamic and Physical Properties of Chemical
Compounds
e Water Solubility (S) (mg/L at 25 °C, unless otherwise stated in the source.).

o SRC PHYSPROP

o EPI experimental values

o CRC Handbook of Chemistry and Physics

o Yaws' Handbook of Thermodynamic and Physical Properties of Chemical
Compounds experimental values
Perry's Chemical Engineers' Handbook (Various Editions).McGraw-Hill
Lange's Handbook of Chemistry (Various Editions)
o Yaws' Handbook of Thermodynamic and Physical Properties of Chemical

Compounds estimated values

o EPI estimated values

O O O O O

o O

e Unitless Henry's Law Constant (H' at 25 °C, unless otherwise stated in the source.)
o SRC PHYSPROP
o EPI experimental values
o Yaws' Handbook of Thermodynamic and Physical Properties of Chemical
Compounds experimental values
o EPI Suite group-estimated values
o EPI Suite bond-estimated values
e Henry's Law Constant (atm-m3/mole at 25 °C, unless otherwise stated in the source.)
o SRC PHYSPROP
o EPI experimental values
o Yaws' Handbook of Thermodynamic and Physical Properties of Chemical
Compounds experimental values
o EPI group-estimated values
o EPI bond-estimated values
e Diffusivity in Air (Dia) (cm2/s)
o EPA’s WATERY equations.
e Diffusivity in Water (Diw) (cm2/s)
o EPA’s WATERY equations.
e Soil-Water Partition Coefficient (Kd) (cm3/g).
o SSL
o Baes, C.F. 1984. Oak Ridge National Laboratory. A Review and Analysis of
Parameters for Assessing Transport of Environmentally Released Radionuclides
through Agriculture
e Density (g/cm3)
o CRC Handbook of Chemistry and Physics
o Perry's Chemical Engineers' Handbook (Various Editions).McGraw-Hill
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@)
©)

Lange's Handbook of Chemistry (Various Editions)
IRIS.

e Melting Point (MP °C)

(@]

O O O O

(@]

SRC PHYSPROP

EPI experimental values

CRC Handbook of Chemistry and Physics

Perry's Chemical Engineers' Handbook (Various Editions).McGraw-Hill
Lange's Handbook of Chemistry (Various Editions)

EPI Suite estimated values

¢ log Octanol-Water Partition Coefficient (log Kow)

@)
@)

EPI experimental values

Yaws' Handbook of Thermodynamic and Physical Properties of Chemical
Compounds experimental values

EPI Suite estimated values

Yaws' Handbook of Thermodynamic and Physical Properties of Chemical
Compounds estimated values

Table 8 provides the list of Standard Default Parameters used in the equations in this document and
calculations via which the Table B1 cleanup levels are derived.
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2.0 Groundwater Cleanup Level Equations

2.1 Groundwater Cleanup Level Equation for Non-Carcinogenic Compounds

Cleanup level equations for exposure to non-carcinogenic compounds in groundwater are presented
below. The terms used in the equations are defined in Appendix B. The equations include exposure
routes via ingestion, dermal contact, and inhalation of volatiles, which are then totaled to produce a
final value.

2.1.1  Ingestion of Water

365d 1000ug
THQ X ATy s (oo X EDyese(6 years) ) X BWpeaue (15 kg) x ()

days 1
year RfDO (l:;‘_gd)

CLwater—nc—ing (P-g/]-‘) =

L
EFreswe (350 joms ) X ED esyc (6 years) X X IRWreguye (0.78 325

day

2.1.2 Dermal for Inorganics

Hg 1000cm?
DAevent (cmz-event) X ( L )

cm hours
Kp (i) X ETii55 (054 o)

CLwater—nc—der(ug/L) =

Whetre:

ug )
cm? - event

THQ X ATreswc (

DAgyent (

365 days
year

1000ug

L) X B s (15 k)

X EDyogpc (6 years)) X (

1

mg
RfD, ( 77 day) X GIABS

1 events

350 days
X EV:eswe (W) X EDyeswc (6 years) X EFeswe (—y

year

) X SA,p00e (6,378 cm?)

2.1.3  Dermal for Organics

der hours X
If ETreswc (0-54 event) =t (hr): then CLwater—nc—der(ug/L)
Hg 1000cm3
_ DAevent (cmz-event) X ( L )
hours hours
2 X FA x K, (;131) 6 X Tevent (event) X ET e (0'54 event)
r
s

Or,
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hours

If ET%50c (0-54 event) > t*(hr), then CLyater—nc-der(H8/L) =

Hg 1000cm3
DAevent(cmz_ ev&t)x( L )

hours
FAXK (C_“_l) Engsrwc(o-S‘l' event) L% (hours)>< 1+3B+3B2
P\hr 1+B F2XTevent| gvent (1+B)Z2

2.1.4  Inhalation of Volatiles

365 days
year

1000Hg)

THQXAT eswe ( XEDI‘eSWC(6 Yeafs)) X < mg

CLwater—nc—inh ({J-g/L) =

days inn (24 hours 1 day 1 0.5L
EFreswe (350 @) XED eswc (6 years) X ET/ 88 day x (24 hours) X RiC (mg) XK ( m )

m3
2.1.5  Total Non-carcinogenic Risk for All Groundwater Exposure Pathways

HgN _
CLres—water—nc—tot(T) - 1 ) 1 ) 1
L

T T
CLwater—nc—ing CLlwater-nc—der CLwater—nc—inh

2.2 Groundwater Cleanup Level Equation for Carcinogenic Compounds

Cleanup level equations for exposure to carcinogenic compounds in groundwater are presented
below. The equations include exposure routes via ingestion, dermal contact, and inhalation of
volatiles, which are then totaled to produce a final value.

2.2.1 Ingestion of Water

365 days
year

1oooug)

XLT (70 years))x ( g

TR xATreSW<

CLwater—ca—ing (ug/L) =

CSFo(k;:igay)'1X<1eres_ad j(327.95é)>

Whete:

L
IFWyes - aq; (327.95 K—g)

days L

) ED, o5 (6 years) X EF,pge (350 yle) X IRW, osre (0.78W>
BW, esuc (15 kg)
days L
[EDresw(26 years) - EDreswc(6 years)] X EFeswa (350 year X IRW, eswa Z-SW
_l_
BW: eswa (80 kg)
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2.2.2 Dermal for Inorganics

1 1000cm?
DAcvene (cm2 -gvent) x < L

hourS)

CLyater—ca-der (ﬂg/L) =

hr resw—adj

Ky (57) % BT, _qa; (067077 2222

223  Dermal for Organics

hours
e

IF ET, _aa; (0.67077 ) < t*(hr), then CLyqrer—ca—aer (4G/L)

DA,y ( ug ) % <1000cm3)

event

cm? - event L

hours hours
cm 6 X Tepent (M) ETT%EST/V—adJ' (0'67077 event)
2x FAX K, (72) T

Or

b

hours
e

IF ETEr, (0.67077 ) > t*(hr), then CLuyaser—ca-aer (19 /L)

U 1000 cm?®
DAcvene (cm2 . gvent) X ( L

hours
ETresw-aaj (067077 et

1+B + 2 X Tevent (event

event

FAXK, (ﬂ) % hours) (1 +3B+ 3B2)

hr (1+ B)?

Where:
365 days 1000ug)
g TR X AT, ¢\, <—year X LT(70 years)) X (—mg
DAevent (sz B event) - m 1
CSF (—9)
P\kg day) . ppy 2721670 ST event
GIABS res—adj kg

cm? - event
DFWres-aq; 2721670 ——
1 events

EVreswe (W) X EDreswc(6 years) X EFeswe (350
B BW,eswc (15 kg)

days
year

) X SA, e (6,378 cm?)

EVieswa (%) X EDyeswa (20 years) X EFespa (350 %) X SAreswa (20,900 cm?)
+
BW; ¢swa (80kg)
And:
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esw—adj

d hours
ETSS (0.67077 )
event

hours
event

hours
) X EDjesnyc (6 years) + ETS%,q (071 5202

ED, ., (26 years)

BT (054 ) X [EDres1, (26 years) = EDyeqyc(6 years)]

2.2.4  Inhalation of Volatiles

CLwater—ca—inh (ﬂg/L)

365 days
TR X ATy s,y <Tary x LT(70 years))
- 350 days mn (24 hours 1day ug\t 0.5L
EFresw (yeT) X EDresw (26 years) X Ty, ( day ) X (24 hours) X IUR (m3) x K ( m3 )

2.2.,5  Total Carcinogenic Risk for All Groundwater Exposure Pathways

1
CLwater—ca—tot(Hg/L) =
1 n 1 n 1

CLwater—ca—ing CLwater—ca—der CLwater—ca—inh

2.3 Mutagenic Equation for Groundwater

Cleanup level equations for exposure to mutagenic compounds in groundwater are presented below.
The equations include exposure routes via ingestion, dermal contact, and inhalation of volatiles,
which are then totaled to produce a final value.

2.3.1 Ingestion of Water

TR X ATsoen <36;e$ x LT(70 years)) X <%)

-1

CLwater—mu—ing (#g/L) = L
) X TFW My g5 _qq; (1019.9 @)

mg

CSF, (—kg M
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Where:

L
IFW M54 (1019.9 @)
L

) X IRW,_, (0.78 W) x 10

days
year
BW,_,(15 kg)

days L
ED,_,(4 years) X EF,_¢ (350 yegllr> X IRW,_¢ (0.78 w) X 3

BW,_¢(15 kg)

days L
EDg_14(10 years) X EFg_4 (350 year) X IRWg_16 (2.5 w) X 3

BW,s_16(80 kg)

days L
ED;¢_60(10 years) X EF;4_34 (350 year) X IRWy6_3¢ (2.5 w) x 1

BWi6-30(80 kg)

EDy_,(2 years) X EF,_, (350

+

+

+

2.3.2 Dermal

2.3.2.1 Dermal for Inorganics:

U 1000cm?
DAcvene (cm2 -gvent) X ( L
cm

Ky (57) X ETeouw-maas (0.67077

CLyater—mu—der (#g/L) =

hourS)
event

2.3.2.2 Dermal for Organics:

hours

IF ETresw—madj (0-67077 ) =< t*(hr)' then CLwater—mu—der (Hg/L)

1000cm?®
DAevent ( kg ) X < L )

event

B cm? - event
hours hours
cm 6 X Tepent (m) X ETyesw-madj (0'67077 event)
2XFAX K, \ 7 T

Or

hours
IF ETresw—madj (0-67077 event) > t*(hr)' then CLwater—mu—der (ug/L)

ug 1000cm3
DAeyent (cmz- event) X ( L )

hours
cm ETresw—madj (067077 event) 2 hours 1+ 3B+ BBZ
FA X Kp hr) X 1+ B + 2 X Tepent (event) (1 + B)?
Where:
ADEC Contaminated Sites Program Page | 10
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TR X AT, o5 (M x LT(70 years)) x (M)

ug year mg
DAgyent (sz N event) = mg —1
M < DFWM 8419740 &vents - cm?
GIABS res—adj kg
Where:

events * cm?
DFWMyo5_qq; ( 8419740 ——"

kg
EV,_, (M;Te;lts) X EDy_,(2 years) X EF,_, (350

BWo_,(15 kg)

days
year

) X SAo—»(6,378 cm?) x 10

days
year

EV,_¢ (M;Te;lts) X ED,_¢(4 years) x EF,_g (350

BW,_¢(15 kg)

) X SA,_4(6,378 cm?) x 3

+

days
year

EV 16 (“;Te;lts) X EDg_15(10 years) x EF_y¢ (350

BW,_16(80 kg)

) X SAg-16(20,900 cm?) x 3

+

days
year

1 event
EVie_se (%}i”) X EDyg_26(10 years) X EF_6 (350

BWi6-26(80 kg)

) X SA16-26(20,900 cm?) x 1
+

And:

hours
ET esw-maaj (0.67077 event)

hours hour

event event) X ED,_¢(4 years)

+ETE, (071 Zgg:li) X EDo_16(10 years) + ET{" 5 (0.71 Zzlef;‘z) X EDy_30(10 years)

EDy_,(2 years) + ED,_¢(4 years) + EDg_15(10 years) + ED;¢_,4(10 years)

ET¢ (0.54

) X EDo_,(2 years) + ETS, (0.54

2.3.3 Inhalation of Volatiles

CLyater—mu—inn (g /L)

365 days
TR X AT, o5 <ye—ary x LT(70 years)>
- 0.5L inh (24 hours 1 day
K ( m3 ) x ETreSW( day ) x (24 hours) x
days days
(EDO_Z(years) x EFy_s (350 yefl’r) x [UR (“g ) x 10) + (EDZ_G(years) x EF,_g (350 yezr) x [UR ( ) )

days days
(ED6 1e(vears) x EFs_1, (350 efl’r) x IUR (“g) x 3) (ED16 2o(vears) x EFys_ 26(350 ezr) x IUR (“g) 1)
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2.3.4  Total Mutagenic Risk for All Groundwater Exposure Pathways

1
CLwater-mu-tot(#g/L) = 1 1 1

+ +
CLwater—mu—ing CLwater—mu—der CLwater—mu—inh

2.4 Vinyl Chloride

2.4.1 Ingestion of Water

CLwater—vc—ing (Aug/L)

_ TR
CsF (%)_1 x IFW, (327 95 L) x-—_ s, <&>_1 x IRW, (0 78L> x
0\kg - day res—adj "~ kg) " 1000ug + 0\kg - day reswe \**"“day )~ 1000ug
BW, 15k
AT, oe <73 656‘31‘;3’ S x LT(70 years)) reswe (15kg)
Where:
L
IFWygs—aa; (327.95 @)
days L
ED;ogrc (6 years) X EF.oowe (3 50 ye%) X IRW, psure (0.78 W)
BM/T@SWC(]‘S Kg)
days L
[EDresw (26 yeaTS) - EDreswc(6 yeaTS)] X EFeswa 350 }167 X IRW eswa 2.5 m
+
BW,eswa (80 kg)

242  Dermal

hour

IF ET%er (0.67077

resw—adj

S
t) =< t*(hr), then CLwater—vc—der (.ng/L)

g 1000cm3)
DAevene (cm2 . event) x < L

even

hours hours
cm 6 X Tepent (event) X ETrdeicV—ad]‘ (0'67077 event)
2% FAX K, (557) ™

ADEC Contaminated Sites Program Page | 12
Procedures for Calculating Cleanup Levels September 15, 2016



der hours .
IF ETy o5 adj (0'67077 event) >t (hr),then CLwater—vc—der(ﬂg/L)

u 1000 cm?®
DAcyent (cm2 gvent) X ( L

hours
Cm) o ET - adj (0 67077 event) hourS) (1 + 3B + 3BZ>

FAX K (hr 1+B + 2 X Tevent (event (1 +B)?

Where:

DAguent (mzﬂi‘egyent)

TR
-1 -1

mg
5P (5" )
~da 1 event
# X EVeswe ( da ay ) X SAreswc(6378 sz)

CSF, ( mg )
0\kg - day
- GIABS X DFWres—aaj (2721670

cm? - event)
kg

ATresw <%ﬁi}/s X LT(70 years)) 1000 — K9 reswc(lSk ) X —

1000 ug
mg mg

\_
—
\

Where:
cm? - event
DFWyes_qa; | 2721670
kg
1 events days
EVreswc (W) EDreswc(6 yeaTS) X EFreswc <350 yea Y ) X SAreswc (6 378 cm )
- 1 T'ESWC (15 kg) d
EVooowa (%) X EDypea (24 years) X EF,oema (3 50 y‘e‘Z g ) X S, oswa (20,900 cm?)
+
BW,eswa(80kg)
And:
hours
ET (0.67077 event)
hours hours
_ ETAer,. (0.54 event) X EDyooc (6 years) + ETr‘éeSCm (0.71 event) X [EDyesy, (26 years) — ED, ooy (6 years)]
Dyesw (26 years)
2.4.3  Inhalation
Clyater—ve—inn (G /L)
~ TR
ug 350 days n (24 hours 1 day 0.5L
IUR ( ) X EFresw (W) X EDreqw (26 years) x ETyeg, ( day ) X (24 hours) x K (W) [UR (ug)‘l <K (O.SL)
AT 365 days LT(70 m3
resw\ " year X years)
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244  Total

1
CLwater—ve—tot (mg/kg) =
1 n 1 N 1

CLwater—vc—ing CLwater—vc—der CLwater—vc—inh

2.5 Trichloroethylene

2.5.1 Ingestion of Water

CLwater—tce—ing (ug/L) =
365 days

(1000ug)
TRXATT65W< Sear 11090kg)

XLT(70 years)) g

CSF, (ﬂ) Ty

(CAF0(0-804)><1F Wresw-ad j(327.95%))+<MAF0(O.ZOZ)XIFWMreS_ad ,-(1019.9%))]

kg-day

Where:

m -1

CSF, (0.037 ﬁ) NHL + Liver Oral Slope Factor
CAF,(0.804) = —
CSF, (0 046 7K day) Adult — Based Oral Slope Factor
mg \ ' .
CSF,(0.0093 %o - dav Kidney Oral Slope Factor

MAF,(0.202) = g @y

)
CSF, (0.046 %) Adult — Based Oral Slope Factor
g -day
L
IFWygs—aqj <327'95@)
days
 EDrasnc(6 years) X BFue (3505625) X IRWresue (078 75
T'esWC(lS kg)
days L
[EDresw(26 years) EDreswc(6 years)] X EFeswa (350 522~ year X IRW, eswa Z-SW
_I_
BW,e5wq (80 kg)
L
IFWM, 5 _aq; (1019.9 @)
| EDy-a(2 years) x EF. (350 days) x IRW,_, (o 78 7L y) % 10
B BW,_,(15 kg)
ED,_ (4 years) x EF,_, (350 225\  1rw,_, (0.78 =2 x 3
N 2-6(t Y 2-6 year 2-6 day
BW,_¢(15 kg)
EDg_16(10 years) x EF,_q, (350 days) X IRW,_ 16( 5 dLTy) X3
+
BW6_165180 kg)
ays L
. EDy¢_,6(10 years) X EFyg_sq (350 yle) X IRW,6_s6 (2.5 W) x 1
BW,6_56(80 kg)
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252 Dermal

d hours
IF ETS S (0.67077 "

esw—adj

> < t*(hT‘), then CLwater—tce—der (.ug/L)

1000cm?®
DAtce—event (sz H‘Zvent) X ( L )

event

hours hours
cm 6 X Tepent (m) x ETTdEeSCV—adJI (067077 event)
2% FAX K, (557) ™

Or

b

hours
e

IF ETEr, (0.67077 ) > t*(hr), then CLoaser—sco—aor (19 /L)

1000 cm?
DA¢ce-event (sz {l‘gvent) X ( L )

event

ETer (0.67077 hours )

cm resw—adj event hours 1+ 3B+ 332)
FAx Ky (hr) X 1+B + 2 X Tevent (event) ( (1+B)?
Where:
“g
DAtce—event (m)
365 days 1000
TR X ATy s, <ye—ary x LT(70 years)) x (m—g“g)
= 1
mg
csto (g dag)
GIABS

. 2 . 2
[(CAF0(0.804) X DFWyo51y—aas (272 1670 m%)) + (MAFO(O.ZOZ) X DFWM,o5_qq; (8419740 W%))]

Whetre:

cm? - event
DFWye5_aa; 2721670T
1 events days

3 EVieswc (W) X EDyeswc (6 years) X EFyesyc <350 W) X SAreswc (6,378 cm?)
BW,eswe (15 kg)

EVrewa (S reS) X EDrena (20 yars) X Efenya (350 55%) X SArena (20,900 cm?)
+
BW,eswa (80kg)
And:
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events * cm?
DFWMygs_qq; ( 8419740 ————

days
year

EV,_, (1 ej;;“) EDy_,(2 years) x EFy_» (350

BW,_,(15 kg)

) X SAy_5(6,378 cm?) x 10

days
year

EV,_g (1 e;ae;lts) X ED,_¢(4 years) x EF,_g¢ (350

BW,_(15 kg)

) X SA;_¢(6,378 cm?) x 3

+

days
year

EVg_16 (1 e;ae;lts) X EDg_16(10 years) X EF¢_1¢ (350

) X SAs-16(20,900 cm?) x 3

+
BW,_16(80 kg)
EVig_so (1 e;;;lts) X EDyg_26(10 years) x EF16_og (350 ?IZZi) X SA1q-26(20,900 cm?) x 1
+
BWi6-26(80 kg)

And:

hours
ET maaj (0.67077 o ent)

hours hours
ETger (0 54 ent) EDy_,(2 years) + ETSer (0 54 ent) x ED, (4 years)
hours hours

| HETE (0.713222) X EDg_16(10 years) + ET"5¢ (0.71 50 2) X EDsg_56(10 years)
h EDy_,(2 years) + ED,_¢(4 years) + EDs_,5(10 years) + ED;¢_,5(10 years)

2.5.3 Inhalation

CLwater tce—inh (Ml‘g)

365 days
TR X ATyes, <ye—ary x LT(70 years))
- 24 hours 1day ug
inh
ETreSW( day ) X 24 hours * (0 5 ) x IUR( )

(EFMSW (350;‘3 f) X EDyes,0 (26 years) x CAF,-(O.756)> <ED0 ,(2 years) x EF,_, (350 day S) x MAF;(0.244) x 10)

days
year

days
year

X1+ (ED2_6(4 years) X EF,_g (350 ) X MAF;(0.244) x 3) + (ED6_16(10 years) X EFg_1¢ (350 ) X MAF;(0.244) x 3)

days
year

+ (ED16_26(10 years) X EFy4_6 <350 ) X MAF;(0.244) X 1)

IUR (3 1x10™ (mg ) ) NHL + Liver Unit Risk Estimate

CAF,(0.756) = :
IUR (4.1 x 10-6 (%) ) Adult — Based Unit Risk Estimate

IEé

1
3) ) Kidney Unit Risk Estimate

IUR (1 x 10~ (
MAF;(0.244) = .
3

\/3

-1
IUR (4.1 X 1076 ( ) Adult — Based Unit Risk Estimate
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254  Total

1
CLwater—tce—tot(.u.g/L) =
1 n 1 N 1

CLwater—tce—ing CLwater—tce—der CLwater—tce—inh
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3.0 Soil Cleanup Level Equations for Residential Soil

3.1 Equations for Non-Carcinogenic Compounds

Cleanup level equations for exposure to non-carcinogenic compounds in soil are presented below.
The terms used in the equations are defined in Appendix B. The equations include exposure routes
via ingestion, inhalation of particulates, and dermal contact, which are then totaled to produce a final
value.

3.1.1 Incidental Ingestion of Soil

365 days

year X EDressc(6 years)) X BVVressc(lS kg)

THQ X AT} egsc (

CLsoil—nc—ing (mg/kg) =

days RBA m 10-°k
EFessc (ye%) X EDyessc (6 year) X mg X RSy essc (20()%) X mg g
RFDo (7d
g - aay
3.1.2  Dermal Contact with Soil
365 days

THQ X AT essc (ye—ary X EDyessc (6 years)) X BW,essc (15 kg)

CLsoit—nc—der (mg/kg) = days 1
ress (W) X EDressc (6 year) X mg
cm? m 10-%k
X SArosse (2373 W) X AFygssc (0.2 ﬁ) x ABS, X m—gg
3.1.3  Inhalation of Particulates Emitted from Soil
CLsoil—nc—inh (mg/kg)
365 days
THQ X ATyessc <ye—ary X EDyessc (6 years))
days 24 hours 1 day 1 1 1
EFressc (year> X EDressc(6 year) X ETressc < day > <24_ hours) X RfC (M) X m3 + m3
ws) \ve(zg) ren (%)
3.1.4  Total Non-carcinogenic Risk for All Soil Exposure Pathways
1

CLgoit-nc—tot(Mg/kg) = 1 1 1

CLsoil—nc—ing CLsoil—nc—der CLsoil—nc—inh
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3.2 Equations for Carcinogenic Compounds

Cleanup level equations for exposure to carcinogenic compounds in soil are presented below. The
equations include exposure routes via ingestion, inhalation of particulates, and dermal contact, which
are then totaled to produce a final value.

3.2.1 Incidental Ingestion of Soil

365 days
TR XATress( yea

— _
mg _ mg\_ (10"6kg
Fo(rgy) XRBAXIFSyes_aq;(2835072 )x(—mg )

XLT(70 years))

CLsoil—ca—ing(mg/kg) = s

Where:

mg
IFS, 05 —aaj (283 50 E)

days 200m
EDyesse (6 ¥€ars) X EFyggse (ore ) X IRS esse (2 g2

_ year day
BVl/TeSSC (15 kg)
[EDress (26 Y6ars) = EDrsse(6 years)] X EFsessq (5o ) X IRS essa (- nm?)
+ year day
BW, ¢55(80 kg)
3.2.2  Dermal Contact with Soil
TR X AT, pgs <% x LT(70 years))
CLyes—sot—ca-aer(Mg/kg) = 1
CSFo (k " ) 10-5k
g - aay mg “°Kg
CTABS X DFSyes—qaj (79758 kg) X ABS, ><< mg )
Where:
DES (79758 mg) EDressc(6 years)XEFressc(zear)XSAressc<2373 )XAFressc(O 22 ) +
res-adj BVVressc(l5 kg)
[EDyess(26 years)—EDyessc(6 years)]XEFressa(;ear)XSAressa(6032 )XAFressa(o 07 g )
BWressa(80 kg)
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3.2.3 Inhalation of Particulates Emitted from Soil

TR X ATy (% x LT(70 years))
CLsoil—ca—inh(mg/kg) =
pg\~t (1000 yg) (days 1 1
IUR (m3) X <7mg X EFress (Soar ) X —~+ — |

v (i5) e (ig)

24 hours) ( 1day )
day 24 hours

EDye55 (26 year) X ETyeqs

3.2.4  Total Carcinogenic Risk for All Soil Exposure Pathways

1
CLgoit-ca-tor(mg/kg) = 1 N 1 1

CLsoil—ca—ing CLsoil—ca—der CLsoil—ca—inh

3.3 Equations for Mutagenic Compounds

Cleanup level equations for exposure to mutagenic compounds in soil are presented below. For
these compounds, the exposure rates tak